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1.1. Hydrophilicity tuning of p53/mdm2 antagonists
As protein–protein interactions are often driven by strongly
hydrophobic interactions, antagonists of such interactions tend
also to be highly hydrophobic. Antagonists of the p53/mdm2 inter-
action are sought as they hold the pharmacological potential to
accelerate cancer cells into apoptosis, and are thus a way of thera-
peutically reducing tumour size. However, hydrophobicity in drug
molecules can result in low solubility, poor absorption, and conse-
quently a generally inferior pharmaceutical proﬁle. A recent paper
describes a study where parallel synthesis of an array of com-
pounds has sought to improve their hydrophilicity, and thus the
drug-like properties of p53/mdm2 protein–protein interaction
inhibitors.1NN
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Previous work by the authors of this new study had demon-
strated that an imidazoline scaffold prepared as amixture of diaste-
reomers (1 and 2) provided a framework for p53/mdm2 antagonists
that could be synthesised by the Orru 3-component reaction of pri-
mary amines, aldehydes and amino acid-derived isocyano esters. A
binding model of the interaction of these imidazolines with mdm2
indicated that the three residues on the ring mimicked the three
‘hot spot’ residues F19,W23andL26. The carboxymethyl residueap-
peared not to replicate any particular feature in p53 and thus was
available for further structural modiﬁcation.doi:10.1016/j.comche.2009.08.001
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Three different mdm2 binding imidazoline methyl esters were
converted to their corresponding amides in a one step reaction cata-
lysed by 1,5,7-triazabicyclo[4.4.0]dec-5-ene under solvent-free con-
ditions. The reaction speciﬁcally converted the cis-diastereomers (2)
to amide products (3), allowing a simple separation of product from
unreacted starting ester. A total of 27 compounds were prepared
where the amines introduced were deliberately chosen to increase
hydrophilicity and consequently thewater solubility of theproducts.
Importantly, in addition to showing these expected changes inwater
solubility, the compounds also retained afﬁnity for mdm2.
1.2. Solid-phase synthesis of heterocycles on selenium resin
Solid-phase organic synthesis (SPOS) has become a mainstay of
combinatorial chemistry. Having expanded much beyond its initial
use in the preparation of peptides, it is now employed for the syn-
thesis of a range of biologically interesting molecules including
heterocycles. An important consideration in all SPOS is ﬁnding an
appropriate linkage to the solid support, that is sufﬁciently stable
for the duration of the synthetic route, but that can be selectively
and cleanly removed at the end of the synthesis, sometimes with-
out leaving any indication of the point of attachment. In this re-
gard, selenium-based linkers provide a useful tether to solid
supports that can be cleaved under mild, selective conditions.
A recent paper describes the use of selenium resin to make a
number of heterocyclic systems based on pyrroles suitable for
pharmacological investigation. The synthetic approach included
several different chemistries including electrophilic reactions,
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tamisation and oxidative elimination.2
Polystyrene-supported selenyl bromidewas reactedwithmethyl
acrylate in thepresenceof zinc chloride togenerate the resinproduct
4. Triethylamine-catalysed elimination of HBr gave the resin-bound
acrylate (5) thatwas then reactedwith an azomethine ylide in a 1,3-
dipolar cycloaddition to give the pyrrolidone product 6. The use of
silver acetate resulted in cycloadducts with cis stereochemistry.SeBr
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Intermediate 6 has been used in the preparation of three classes
of heterocyclic product. N-acylation of the pyrrole was undertaken
and removal of the selenium solid support, by oxidation with
hydrogen peroxide and spontaneous elimination, gave 2,5-dihy-
dro-1H-pyrroles (7). Alternatively, the pyrrole could be acylated
on nitrogen with an isocyanate to give a urea, and subsequent cyc-
lisation and oxidative elimination gave 1,3-dioxo-2,3,5,7a-tetrahy-
dro-1H-pyrrolo[1,2-c]imidazoles (8). Finally, in a third option,
acylation of the pyrrole nitrogen with chloroacetyl chloride, and
cyclisation with an amine, gave, after oxidative elimination, 1,4-di-
oxo-1,2,3,4,6,8a-hexahydropyrrolo[1,2-a]pyrazines (9).N COOEtR1
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Overall, the use of the selenium resin has allowed the efﬁcient
solid-phase synthesis of a number of different heterocyclic struc-
tures in good yields and purities, and provides an approach for par-
allel synthesis of libraries of these compounds.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A ‘catch and release’ two-step one-pot protocol has been devel-
oped for the facile and practical synthesis of substituted guani-dines from thioureas and various amines utilising readily
available brominated polystyrene resin.3
2.2. Solution-phase synthesis
The triﬂuoroacetic acid-mediated reaction of 2-arylanilines
with arylaldehydes has been developed to give a variety of 6-
substituted phenanthridines. This is a very simple and convenient
one-pot process for library construction.4
A tandem four-component reaction of 2-bromobenzaldehyde,
alkyne, amine and diethyl phosphite catalysed by the combination
of palladium and copper salts has provided a facile and efﬁcient
route to 1,2-dihydroisoquinolin-1-ylphosphonate. The operational
simplicity of this process makes it potentially attractive for further
library construction.5
A newefﬁcient approach for the synthesis of functionalised dihy-
dro-pyrimido[4,3-d]coumarinshasbeendescribed.Useofbenzyl- or
tert-butyl acetoacetate and various salicyl aldehydes in typical Bigi-
nelli multicomponent reactions provided esters that can be easily
deprotected to yield the corresponding hydroxy acids. Annulation
of the latter leads to the target dihydro-pyrimido[4,3-d]coumarins.6
A protocol for the synthesis of 5-alkyl and 3,5-dialkyl-6-carbo-
methoxy-2-pyridones has been devised. The key steps include a
Mannich reaction, acylation of a tosylamine, and a PPh3/TiCl4-pro-
moted intramolecular Reformatsky-type reaction with a thioester
as the electrophile.7
2.3. Scaffolds and synthons for combinatorial libraries
Asyntheticpathway for thepreparationof anewfunctionalised tri-
cyclic scaffold containing the 7-azaindolemoiety has been presented.
An intramolecular palladium-mediated reactionwas described as the
crucial step for a condensed seven-membered ring formation.8
A novel strategy has been developed for the efﬁcient syntheses
of diverse arrays of heterocyclic compounds. The key elements of
the approach comprise a Mannich-type, multicomponent coupling
reaction in which functionalised amines, aromatic aldehydes, acyl-
ating agents, and p- and organometallic nucleophiles are combined
to generate intermediates that are then further transformed into
diverse heterocyclic scaffolds via a variety of cyclisation paths.9
2.4. Solid-phase supported reagents
An efﬁcient palladium(0)-immobilised MCM-41 catalytic sys-
tem for C–C cross-coupling reaction has been developed. Ligand-
free Pd(0)-MCM-41 catalyst can be successfully used in coupling
reaction between various aryl halides including deactivated chlo-
robenzene with aryl borane and organotin to give biaryls in excel-
lent yields with high turnover frequency.10
2.5. Novel resins, linkers and techniques
Taking advantage of click chemistry-based methodology to con-
struct novel solid-phase organic synthesis resins, a triazolylmeth-
yl-linked catechol has been discovered, which is readily available
via copper(I)-catalysed azide–alkyne cycloaddition of azidomethyl
substituted polystyrene with O-propargylcatechol and can be ap-
plied for the parallel synthesis of N-phenyltriazole carboxamides.
As a proof-of-concept, a ‘catch and release’ strategy could be suc-
cessfully applied for a parallel synthesis of dopaminergic phenyl-
triazoles, making a focussed model library of 20 test compounds.11
2.6. Library applications
The screening of resin-bound combinatorial libraries with pairs
of dye-tagged substrates is a powerful strategy for discovering
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lished Disperse Red 1 and the recently-introduced Bristol Blue 1
can be used in parallel to synthesise ‘pseudoenantiomeric’ ana-
logues of N-acetyl-a-amino acids and of the anti-inﬂammatory
drug Naproxen. A steroid-based receptor library has been prepared
and screened with these substrates, and preliminary results sug-
gest that some members may be highly enantioselective receptors
for N-acetyl-a-amino acids.12
The proximicins A–C are novel naturally occurring c-peptides
with a hitherto unknown 2,4-disubstituted furan amino acid as a
core structure. They show a moderate cytotoxic activity and induce
upregulation of cell cycle regulating proteins (p53 and p21) and
lead to cell cycle arrest in G0/G1-phase. Hybrid molecules combin-
ing structural motifs of the proximicins and of netropsin, a struc-
turally related natural product, seem to have similar effects. A
recent paper describes the synthesis of a netropsin–proximicin-hy-
brid library and its evaluation regarding cytotoxicity and minor
groove binding activity.13
A rapid array-based protocol has been described by which a
modest afﬁnity protein-binding small molecule can be appended
to a library of peptoids via click chemistry. The array can then be
screened for improved ligands that exhibit a higher afﬁnity for
the protein target.14
C2-symmetric diols have been shown to be highly potent against
HIV-1 protease, although gaining access to these compounds has
been hampered by the need for multistep solution-phase reactions
which are often tedious and inefﬁcient. A solid-phase strategy for ra-
pid preparation of small molecule-based, symmetric and asymmet-
ric diols as potential HIV-1 protease inhibitors has been described.
Upon biological screening, one of them was found to be a potent
and selective inhibitor against HIV-1 protease.15
Designing non-saccharide functional mimics of heparin is a ma-
jor challenge. In a recent paper, a library of small, aromatic mole-
cules based on the sulphated DHP scaffold was synthesised and
screened against thrombin and factor Xa. The results reveal that se-
lected monomeric benzofuran derivatives inhibit the two enzymes,
albeit weakly, and that the mechanism of inhibition is allosteric.16
The discovery and parallel synthesis of potent, small molecule
antagonists of the Neuromedin B receptor based on the aryl-hexa-
hydro-dibenzodiazepin-1-one core has been described.17
A series of libraries were designed using the 1-(cyclopropyl-
methyl)-2-alkyl-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-
5-ium template, and a number of sulphonamide derivatives
proved to be potent agonists of the CB2 receptor.18
VIM-2 is an Ambler class B metallo-b-lactamase capable of
hydrolysing a broad-spectrum of b-lactam antibiotics. In a recently
described study, a compound library screening approach was used
to identify and characterise VIM-2 inhibitors from a library of
pharmacologically active compounds as well as a focused ‘click’
chemistry library. From this investigation, four compounds were
identiﬁed that represent useful chemical probes to further investi-
gate mechanisms of VIM-2 inhibition in biochemical and microbi-
ology-based assays.19
The synthesis and biological evaluation of three positional scan-
ning combinatorial libraries, consisting of linear triamines and
piperazines, has been reported. A highly potent (14 nM) and selec-
tive triamine for the j-opioid receptor was found, and in addition,
non-selective l–j binders were obtained, with binding afﬁnities of
54 nM and 22 nM for l- and j-opioid receptors, respectively.20
A modular sugar-based phosphoroamidite ligand library for the
Ni-catalysed trialkylaluminium addition to aldehydes has been
synthesised and screened. After systematic variation of the sugar
backbone, the substituents at the phosphoroamidite moieties and
the ﬂexibility of the ligand backbone, an optimised ligand was
identiﬁed. Activities were high and enantioselectivities were good
(ees up to 78%) for several aryl aldehydes.21References
1. Srivastava, S. et al. J. Comb. Chem. 2009, 11 (4), 631–639.
2. Huang, X.; Xu, J.-F. J. Comb. Chem. 2009, 11 (3), 350–354.
3. Wang, Y. et al. Tetrahedron Lett. 2009, 50 (36), 5145–5148.
4. Youn, S. W.; Bihn, J. H. Tetrahedron Lett. 2009, 50 (32), 4598–4601.
5. Zhou, H. et al. Tetrahedron Lett. 2009, 50 (32), 4616–4618.
6. Matache, M. et al. Tetrahedron 2009, 65 (31), 5949–5957.
7. Zhang, Y. et al. Tetrahedron 2009, 65 (33), 6584–6590.
8. Angiolini, M. et al. Tetrahedron Lett. 2009, 50 (36), 5156–5158.
9. Sunderhaus, J. D. et al. Tetrahedron 2009, 65 (33), 6454–6469.
10. Jana, S. et al. Tetrahedron Lett. 2009, 50 (34), 4820–4823.
11. Loaiza, P. R. et al. Bioorg. Med. Chem. 2009, 17 (15), 5482–5487.
12. del Amo, V. et al. Tetrahedron 2009, 65 (32), 6370–6381.
13. Wolter, F. E. et al. Bioorg. Med. Chem. Lett. 2009, 19 (14), 3811–3815.
14. Lim, H.-S. et al. Bioorg. Med. Chem. Lett. 2009, 19 (14), 3866–3869.
15. Shi, H. et al. Bioorg. Med. Chem. Lett. 2009, 19 (14), 3945–3948.
16. Verghese, J. et al. Bioorg. Med. Chem. Lett. 2009, 19 (15), 4126–4129.
17. Fu, J. et al. Bioorg. Med. Chem. Lett. 2009, 19 (15), 4264–4267.
18. Ryckmans, T. et al. Bioorg. Med. Chem. Lett. 2009, 19 (15), 4406–4409.
19. Minond, D. et al. Bioorg. Med. Chem. 2009, 17 (14), 5027–5037.
20. Yongye, A. B. et al. Bioorg. Med. Chem. 2009, 17 (15), 5583–5597.
21. Raluy, E. et al. Tetrahedron: Asymmetry 2009, 20 (13), 1575–1579.Further reading
Papers on combinatorial chemistry or solid-phase synthesis from other journals
Jorgensen, W. L. Eﬃcient drug lead discovery and optimization. Accounts of Chemical
Research 2009, 42 (6), 724–733.
Belser, K.; Vig, S. T.; Pfumbidzai, C.; Upert, G.; Mirolo, L.; Fromm, K. M.; Wennemers,
H. Silver nanoparticle formation in dierent sizes induced by peptides identiﬁed
within split-and-mix libraries. Angewandte Chemie (International Edition in
English) 2009, 48 (20), 3661–3664.
Agnew, H. D.; Rohde, R. D.; Millward, S. W.; Nag, A.; Yeo, W.-S.; Hein, J. E.; Pitram, S.
M.; Tariq, A. A.; Burns, V. M.; Krom, R. J. et al. Iterative in situ click chemistry
creates antibody-like protein-capture agents. Angewandte Chemie, International
Edition 2009, 48 (27), 4944–4948, S4944/1-S4944/2.
Bottcher, C.; Zeyat, G.; Ahmed, S. A.; Irran, E.; Cordes, T.; Elsner, C.; Zinth, W.; Rueck-
Braun, K. Synthesis of novel photochromic pyrans via palladium-mediated
reactions. Beilstein Journal of Organic Chemistry 2009, 5, 25.
Styring, P.; Parracho, A. I. R. From discovery to production: scale-out of continuous
ﬂow meso reactors. Beilstein Journal of Organic Chemistry 2009, 5.
Wiles, C.; Hammond, M. J.; Watts, P. The development and evaluation of a continuous
ﬂow process for the lipase-mediated oxidation of alkenes. Beilstein Journal of
Organic Chemistry 2009, 5.
Lee, J. M.; Yu, E.-A.; Park, J. Y.; Ryu, I. A.; Shin, D. S.; Gong, Y.-D. Solid-phase synthesis
of 7-aryl-benzo[b][1,4]oxazin-3(4H)-one derivatives on a BOMBA resin utilizing
the smiles rearrangement. Bulletin of the Korean Chemical Society 2009, 30 (6),
1325–1330.
Volkmer, R. Synthesis and application of peptide arrays: quo vadis SPOT technology.
ChemBioChem 2009, 10 (9), 1431–1442.
Youk, S. H.; Oh, S. H.; Rho, H. S.; Lee, J. E.; Lee, J. W.; Song, C. E. A polymer-supported
Cinchona-based bifunctional sulfonamide catalyst: a highly enantioselective,
recyclable heterogeneous organocatalysts. Chemical Communications (Cambridge,
United Kingdom) 2009 (16), 2220–222.
Han, X.; Achalkumar, A. S.; Bushby, R. J.; Evans, S. D. A cholesterol-based tether for
creating photopatterned lipid membrane arrays on both a silica and gold surface.
Chemistry – A European Journal 2009, 15 (26), 6363–6370, S6363/1-S6363/7.
Klon, A. E. Bayesian modeling in virtual high throughput screening. Combinatorial
Chemistry & High Throughput Screening 2009, 12 (5), 469–483.
Plewczynski, D.; von Grotthuss, M.; Rychlewski, L.; Ginalski, K. Virtual high
throughput screening using combined random forest and ﬂexible docking.
Combinatorial Chemistry & High Throughput Screening 2009, 12 (5), 484–489.
Miller, E. D.; Phillippi, J. A.; Fisher, G. W.; Campbell, P. G.; Walker, L. M.; Weiss, L. E.
Inkjet printing of growth factor concentration gradients and combinatorial arrays
immobilized on biologically-relevant substrates. Combinatorial Chemistry & High
Throughput Screening 2009, 12 (6), 604–618.
Zivec, M.; Jakopin, Z.; Gobec, S. Recent advances in the synthesis and applications of
reduced amide pseudopeptides. Current Medicinal Chemistry 2009, 16 (18),
2289–2304.
Patil, S. A.; Patil, R.; Miller, D. D. Solid phase synthesis of biologically important
indoles. Current Medicinal Chemistry 2009, 16 (20), 2531–2565.
Bomholt, N.; Filichev, V. V.; Pedersen, E. B. The ﬁrst post-synthetic 50–50 intercalators
in triplex DNA – solid-phase post-synthetic Sonogashira reaction and homo-
coupling on aryl-acetylene. Helvetica Chimica Acta 2009, 92 (4), 716–730.
Gorin, D. J.; Kamlet, A. S.; Liu, D. R. Reactivity-dependent PCR: direct, solution-phase
in vitro selection for bond formation. Journal of the American Chemical Society
2009, 131 (26), 9189–9191.
Pfeifer, S.; Zarafshani, Z.; Badi, N.; Lutz, J.-F. Liquid-phase synthesis of block
copolymers containing sequence-ordered segments. Journal of the American
Chemical Society 2009, 131 (26), 9195–9197.
36 N. K. Terrett / Combinatorial Chemistry - An Online Journal 11 (2009) 33–36Zhang, J.-L.; Sheng, S.-R.; Liu, X.; Lin, S.-Y. Solid-phase synthesis of aryl vinyl ethers
based on polystyrene-supported b-phenylselenoethanol. Journal of Chemical
Research 2009 (5), 287–289.
Yaziji, V.; Coelho, A.; El Maatougui, A.; Brea, J.; Loza, M. I.; Garcia-Mera, X.; Sotelo, E.
Divergent solution-phase synthesis of diarylpyrimidine libraries as selective A3
adenosine receptor antagonists. Journal of Combinatorial Chemistry 2009, 11 (4),
519–522.
Brucoli, F.; Howard, P. W.; Thurston, D. E. Eﬃcient solid-phase synthesis of a library of
distamycin analogs containing novel biaryl motifs on synphase lanterns. Journal of
Combinatorial Chemistry 2009, 11 (4), 576–586.
Srivastava, S.; Beck, B.; Wang, W.; Czarna, A.; Holak, T. A.; Domling, A. Rapid and
eﬃcient hydrophilicity tuning of p53/mdm2 antagonists. Journal of Combinatorial
Chemistry 2009, 11 (4), 631–639.
Maillard, N.; Darbre, T.; Reymond, J.-L. Identiﬁcation of catalytic peptide dendrimers
by ‘‘o-bead” in silica high-throughput screening of combinatorial libraries. Journal
of Combinatorial Chemistry 2009, 11 (4), 667–675.
Ma, W.; Peterson, B.; Kelson, A.; Laborde, E. Eﬃcient synthesis of trisubstituted
pyrazoles and isoxazoles using a traceless ‘‘catch and release” solid-phase
strategy. Journal of Combinatorial Chemistry 2009, 11 (4), 697–703.
Rivado-Casas, L.; Sampedro, D.; Campos, P. J.; Fusi, S.; Zanirato, V.; Olivucci, M.
Fluorenylidene-pyrroline biomimetic light-driven molecular switches. Journal of
Organic Chemistry 2009, 74 (13), 4666–4674.Nicoletti, D.; Mourino, A.; Torneiro, M. Synthesis of 25-hydroxyvitamin D(3) and
26,26,26,27,27,27-hexadeutero-25-hydroxyvitamin D(3) on solid support. Journal
of Organic Chemistry 2009, 74 (13), 4782–4786.
Santagada, V.; Frecentese, F.; Perissutti, E.; Fiorino, F.; Severino, B.; Caliendo, G.
Microwave assisted synthesis: a new technology in drug discovery. Mini-Reviews
in Medicinal Chemistry 2009, 9 (3), 340–358.
Eitner, K.; Koch, U. From fragment screening to potent binders: strategies for
fragment-to-lead evolution. Mini Reviews in Medicinal Chemistry 2009, 9 (8),
956–961.
Sinivasan, R.; Tan, L. P.; Wu, H.; Yang, P.-Y.; Kalesh, K. A.; Yao, S. Q. High-throughput
synthesis of azide libraries suitable for direct ‘‘click” chemistry and in situ
screening. Organic Biomolecular Chemistry 2009, 7 (9), 1821–1828.
Miller, N.; Williams, G. M.; Brimble, M. A. Synthesis of ﬁsh antifreeze neoglycopep-
tides using microwave-assisted ‘‘click chemistry”. Organic Letters 2009, 11 (11),
2409–2412.
Kristensen, T. E.; Vestli, K.; Fredriksen, K. A.; Hansen, F. K.; Hansen, T. Synthesis of
acrylic polymer beads for solid-supported proline-derived organocatalysts.
Organic Letters 2009, 11 (14), 2968–2971.
Casiraghi, G.; Zanardi, F.; Battistini, L.; Rassu, G. Advances in exploring heterocyclic
dienoxysilane nucleophiles in asymmetric synthesis. Synlett 2009 (10), 1525–
1542.
